C O N R O Y / L E V I N E / S M A L L
The most significant microscopic finding was protozoa in macrophages in the skin ( Fig. 1 ) and in reticuloendothelial cells of the lung, lymph nodes, (Fig. 2) , spleen, and liver. The protozoa were round to ovoid, had no capsule, were 2 to 3p in diameter, and were abundant in the infected cells. At a magnification of 1000, they were seen to have a nucleus and (in some) a kinetoplast. An apparent vacuole was in the center of many organisms (Fig. 3) . These features suggested that they were protozoa of the genus Leishmania.
Formalin-fixed tissue was processed for electron microscopy to facilitate identification. As many as 12 parasites occurred within a single macrophage ( Fig. 4) .
They were 1.5 to 1.8 x 1.9 to 2.8 ,u in median sections. Each was enclosed by multiple membranes; in some instances, there were 2 apparent unit membranes approximately 100 A thick and a third layer, the innermost, which was composed of tubular fibrils about 250 A in diameter ( Fig. 5) .
The cells contained a flagellum consisting of the typical 9 plus 2 longitudinal tubules ( Fig. 5 ). The flagellum was located centrally in a pocket-like invagination ( Fig. 5, 6 ) and did not extend beyond the parasite. The kinetoplast was perpendicular to the basal body and long axis of the flagellum (Fig. 6 ). It was rod-like, about 1 x 0.25 ,u, and composed of a central core of electron-dense granular material surrounded by less dense granular material. Nuclei, some containing a central nucleolus, were round or partly flattened and averaged nearly a micron in diameter. Many organisms contained 1 or more lipid-like bodies about 400 mp in diameter.
The host reaction to the protozoa was manifested mainly by proliferation of macrophages in the skin ( Fig. 1) and of the reticuloendothelial cells of the lymph nodes, spleen, lung, and, to a lesser degree, liver. Focal and confluent collections of parasite-laden reticuloendothelial cells admixed with lymphocytes and plasma cells were in the subcapsular tissue of lymph nodes (Fig. 2) . Many such foci contained 1 or 2 irregular, amphophilic, granular deposits ( Fig. 7) . Also, organisms were in the perinodal adipose tissue. The liver was congested and had foci of plasma cells and hemosiderin-containing macrophages ; there was widespread moderate hepatocellular degeneration. There were only limited numbers of organisms in the liver. Reticuloendothelial hyperplasia, abundant organisms, and depletion of mature lymphocytes were the essential findings in the spleen. There were chronic pleuritis and chronic diffuse pneumonia characterized by septal-cell proliferation and organization of a pre-existing exudate. The protozoa were mainly in focal circumscribed collections of reticuloendothelial cells which also contained central granular deposits similar to those seen in the lymph nodes.
Pig. I . Numerous leishmanias in macrophages (arrow) in the skin. H&E, ~4 5 0 . I;q. 2. Numerous leishmanias in macrophages (arrow) along with plasma cells and lymphocytes in the subcapsular tissue of prescapular lymph node. H&E, x450. Fzg. 3. A macrophage in the dermis containing more than a score of leishmanias containing 1 or 2 dense structures (nucleus and kinetoplast) and an apparent central vacuole. H&E, x 1,800. 
Discussion
A diagnosis was made of visceral leishmaniosis caused by Leishmania (presumably Leishmania donovani). Visceral leishmaniosis occurs chiefly in the Mediterranean region, India, China, central Asia, eastern Africa, and South America. In man, the disease is characterized by irregular fever of long duration and by enlargement of the liver and spleen. It is usually fatal in untreated patients. The leishmanias are transmitted by several species of Phlebotomw.
The microscopic features, proliferation of reticuloendothelial tissue and the presence of organisms in the phagocytic cells, were similar to the findings in histoplasmosis. However, Histoplasma was eliminated since the organisms lacked a cell wall and had a kinetoplast and flagellum. Also fungal growth was not observed on Sabouraud's agar.
The significance of the amphophilic, granular deposits in the lung and lymph nodes was not determined with certainty. They were presumed to represent residue from the chronic inflammatory reaction. Bacteria or fungi were not demonstrated after treatment with suitable stains.
Identification of the organisms as Leishmania was supported by electron microscopic findings which were comparable to the fine structural features of amastigote L. donovani in infected hamster splenic cells11 and sandflies.
Five types of human visceral leishmaniosis are known*. Indian kala-azar or dum-dum fever is the classical type of the disease. Sudanese or East African kalaazar occurs in the Sudan, Ethiopia, Kenya, and in small, isolated pockets scattered throughout Africa south of the Sahara. Chinese kala-azar occurs in northern China. Mediterranean o r infantile kala-azar is found in countries of the Mediterranean basin. South America kala-azar is found from northern Argentina to Mexico. All but the Indian type arc zoonoses, with reservoirs in various domestic and wild animals. Dogs are reservoirs only of the Mediterranean, Chinese, and South American types, although they can be infected experimentally with the other two.
The fennec fox has never before been reported as a reservoir of Leishmania. Presumably the organism in this case was L. donovani of the Sudanese or Mediterranean type. The provcnance of the host was uncertain, but the fennec fox occurs in the desert and arid regions of northern Africa and the Sinai and Arabian peninsulas'4.
By far the commonest reservoir of Mediterranean kala-azar is the dog, although the jackal Canis It is also possible that the form we found in the fennec fox may be Leishmania tvopica, which causes a cutaneous type of disease in man. Since most parasitologists' orientation has been toward human disease, the pathologic effects of the parasites in man have been used to separate the species of Leisbmaniu, but the manifestations of the various strains in the reservoir hosts are largely unknown. For instance, L. dotzovani causes a visceral disease in man in the Mediterranean area, but it generally causes cutaneous lesions alone in dogs in the same area. Since L. tropica is known to occur in the Mediterranean basin and since its characteristics in the fenncc fox are unknown, we cannot eliminate the possibility that the present strain may be L. tropicu. The fact that the organism was not identified until fixed tissues wcrc examined histologically made it impossible for us t o carry out any cxperimental study.
Visceral leishmaniosis presumably due to Leishmania donovani was found in a fcnnec fox (Fenizecw xerda) from northern Africa. 'The parasite was identified by light and electron-microscopic studies of fixed tissues after the host had died of the disease. The tissue reaction was characterized by proliferation of reticuloendothelial cells. This is apparently the first report of Leishmania in the fennec fox.
